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(57) 



ABSTRACT 



A curable resin composition comprises a poly(arylene 
ether), an acryloyl monomer, an a Hylic monomer, and an 
abrasive filler. The composition tolerates bigh filler contents, 
cures rapidly, and exhibits excellent toughness after curing. 
Useful articles prepared from the composition include grind- 
ing wheels and cut-off wheels having good wear character- 
istics. 

49 Claims, No Drawings 
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ABRASIVE-FILLED THERM OS ET 
COMPOSITION AND ITS PREPARATION, 
AND ABRASIVE-FILLED ARTICLES AND 
THEIR PREPARATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 
This application is a division of U.S. application Ser. No. 
09/581,381 filed Mar. 27 2001 now U.S. Pat. No. 6,593,391, 
which is incorporated by reference herein. 

BACKGROUND OF INVENTION 

Abrasive-filled resins are known and employed in the 
fabrication of abrasive tools such as cutting and grinding 



In another embodiment, a cured resin composition com- 
prises the reaction product of a poly(arylene ether), an 
acryloyl monomer, an aDylic monomer, and an abrasive 
filler. 

* Yet another emoodimenl is a method of preparing the 
curable resin composition. 

Still other embodiments are articles comprising the cured 
resin composition and methods for their preparation. 

JO DETAILED DESCRIPTION 

A curable resin composition comprises a poly(aryknc 
ether), an acryloyl monomer, an allyKc monomer, and an 
abrasive filler. 

(e g diamond or cubic boron nitndc, CBN) m the edge or (ppj,) aDd %^ kn6 cth ' er) ^y^^^ 
outer periphery of a cucular ^gnnchng wheel or grinding cup mers; p 0 ly(a^kneether) ether iono^ers; and block cSSly- 
also are well-known in the fields of sawing, dnlhng. mcw * f ^ x TOmpoun ^ vinyTar3ic 

dressing, grinding, lapping, polishing, and other abrading compounds, and uol^arylene ethert ^d the like- and 
applica W For these applications, the gxit Realty is 20 SStp^ fo^gp^ ^ 

surrounded in a matrix of a metal, such as Ni, Cu, Fc, Co, ^ like rw^n^^ ™ ^i^zL^ B . 
Sn, W, Ti, or an alloy thereof, or in a resin, such as phenol 
formaldehyde or other thermosetting polymeric material. By 
attaching the matrices to a body or other support, tools may 
be fabricated having the capability to cut through such hard, 25 
' abrasive materials as concrete, asphalt, masonry, ceramic, 
brick, granite, marble, and other rock. A typical such wheel 
is formed from a central metal disk having an aperture or a 
spindle for spinning the wheel in use. The outer periphery of 
the wheel, then, has a diamond -containing matrix bonded M 
thereto. For wheels where the diamond is surrounded by a 



the like. Poly(arylenc ether)s are known polymers compris- 
ing a plurality of structural units of the formula: 



0 2 Q> 



resin, the operator often cures the resin and bonds the 
resinous segments to the inner wheel by compression mold- 
ing. Conventional bonding resins are used. 

U.S. Pat No. 5,167,674 describes grinding wheels manu- 
factured from a conventional inner core to which is adhe- 
sively bonded a mixture of superabrasive grit, a bis- 
makimide-trlazine addition copolymer resin, free -radical 
initiator, and catalyst. This mixture is compression molded 
to form a grinding segment annulns. 

U.S. Pat No. 5,314,512 describes injection molding of 
saw segments from superabrasive particles and a non-porous 
thermoplastic polymer. The molded saw segments then are 
affixed to the periphery of a saw blade. 

European Patent No. 794,550 Bl describes cutting seg- 
ments manufactured from superabrasive particles molded 
with a thermoplastic material wherein the superabrasive 
particles are oriented in a chosen direction and there is 
porosity in the molded segments. 

U.S. Pat Nos. 4,054,425 and 4,088,729 describe molding 
a hub into a phenol-based thermoplastic resin-grinding 
wheel. 

U.S. Pat No. 3,960,516 describes manufacturing a grind- 
ing cup wherein the supporting part is molded as a part of the 
grinding cup to ensure a secure attachment 

There is a need for curable, abrasive-filled resin compo- 
sitions that allow fast preparation of cutting and grinding 
tools having improved wear characteristics. 

SUMMARY OF INVENTION 

Disclosed herein are several embodiments of a resin 
composition, its reaction product, a method for its 
preparation, and articles derived from it 



wherein for each structural unit each Q 1 is independently 
halogen, primary or secondary C 1 -C 12 alkyl, phenyl, 

35 Cj-C ia haloalkyl, Cj~C i2 aminoalkyl, C 3 -C 12 
hydrocarbonoxy, or Cj-C ia halohydrocaibonoxy wherein at 
least two carbon atoms separate the halogen and oxygen 
atoms; and each Q 2 is independently hydrogen, halogen, 
primary or secondary C,-C 12 alkyl, phenyl, Cj-C^ 

40 haloalkyl, C 1 -C 12 anrinoalkyl, C 1 -C 12 hydrocarbonoxy, or 
C2-C 12 halohydrocaibonoxy wherein at least two carbon 
atoms separate the halogen and oxygen atoms. Preferably, 
each Q 1 is independently Q-C^ alky! or phenyl, especially 
C a _4 alkyl, and each Q 2 is independently hydrogen or 

<s methyl. 

Both homopolymer and copolymer pory(arylene etber)s 
are included. In one embodiment, the poly(arylene ether) is 
a homopolyrner comprising 2,6^diaQethyl-l,4-pbenylene 
ether units. Suitable copolymers include random copolymers 
sc comprising, for example, such units in combination with 
2^,6-trimethyl-l,4-phcTiylene ether units or copolymers 
derived fram co polymerization of 2,6-dimethylphenoI with 
2^,6-trimethylpricnal. Also included are poly(arylene 
ether )s containing moieties prepared by grafting vinyl 
55 monomers or polymers such as polystyrenes, as well as 
coupled poly (arylene ether) in which coupling agents such 
as low molecular weight polycarbonates, qui nones, he te re- 
cycles and forrnals undergo reaction with the hydroxy 
groups of two poly(arylene ether) chains to produce a higher 
60 molecular weight polymer. Poly(aryiene ether)s further 
include combinations of any of the above. 

The poly(arylene ether)s are typically prepared by the 
oxidative coupling of at least one monohydroxyaromatic 



compound such as 2,6-xyfcnol or 23,6-lrimethylpbenol. 
In one embodiment, a curable resin composition com- 65 Catalyst systems are generally employed for such coupling; 
prises a poly(arylene other), an acryloyl monomer, an allytic they typically contain at least one heavy metal compound 
monomer, and an abrasive filler. such as a copper, manganese or cobalt compound, usually in 



PACE 25*38 * RCVD AT 10/22/2004 2:25:33 PM [Eastern Daylight Time) * SVR:USPTO-EFXRF-va " DNIS:8729308 * CSID:88028601 15 * DURATION <mm-ss): 15-20 



Oct 22 2004 2:30PM CANTOR COLBURN LLP 



86028601 15 



p. 26 



US 6,770,107 B2 



combination with various other materials. Suitable methods 
for the preparation and isolation of poly(arylerje ethcr)s are 
disclosed in, far example. U.S. ^t. No. 3,210,625 to Blan- 
chard et si, VS. Pat. No. 3,306^75 to Hay. U.S. Pat. No. 
4,02g,34l to Hay, VS. Pat. No. 4^092,294 to Bennett, Jr. el 
al., VS. Pat. No. 4,440,923 to Bartmann ctal, and U.S. Pat. 
No. 5,922^15 to Aycock et aL 

In one embodiment, the composition comprises a poly 
(arylene ether) having less than 500 parts per million (ppm) 
of free hydroxyl groups. Ia otber words, the poly (arylene 
ether) contains less than 500 micrograms of hydroxyl groups 
(as — OH) per gram of poIy( arylene ether). The poly(arylene 
ether) preferably comprises less than 300 ppm of free 
hydroxyl groups, more preferably less than 100 ppm of free 
hydroxyl groups. 

In one embodiment, the composition comprises a capped 
poly(aryleao ether), which is defined herein as a poly 
(arylene ether) in which at least 50%, preferably at least 
75%, more preferably at least 90%, yet more preferably at 



nitrite, formvl, carboxylate, imidate, Ihiocarbcucylate, or the 
like; R*-R 1S arc each independently hydrogen, halogen, 
Cj-Cia alkyL, hydro icy, amino, or Ihe like; and wherein Y is 
a divalent group having the structure 

wherein R 14 and R 15 are each independently hydrogen, 
c i- c i2 allc yl> or like. 
In one embodiment, Q is the residuum of a phenol, 
least 95%, even more preferably at least 99%, of the free ^ j? cludill S polyfunction^ phenols, and includes radicals of 



10 



15 



hydroxyl groups preseot in the corresponding uncapped 
poly (arylene ether) have been removed by reaction with a 
capping agent. 

The capped poJy(arylenc ether) may be represented by the 
structure Q-U-K)y wherein Q is the residuum of a 
mooohydric, difaydric, or polyhydric phenol, preferably the 
residuum of a monohydric or dihydric phenol, more pref- 
erably the residuum of a monohydric phenol; y is 1 to 100; 
J comprises recurring units having Ihe structure 



i structure 





wherein m is 1 to about 200, preferably 2 to about 200, and 
R l -R 4 are each independently hydrogen, halogen, primary 
or secondary Q-C^ alkyl, C^-C^ alkenyl, C^-C^ alkynyl, 
Cj-Cia aminoalkyl, Cj-C^ bydroxyalkyl, phenyl, C JMria 
haloalkyl, C J -C 12 aminoalkyl, Cj-C 12 hydrccarbonoxy, 
Cj-C ia halohydrocarbonoxy wherein at least two carbon 
atoms separate the halogen and oxygen atoms, or the like; 
and K is a capping group produced by reaction of the 
phenolic hydroxyl groups on the poly(arylenc ether) with a 
capping reagent. The resulting capping group may be 



Y — R 3 , 




wherein RMt* are each independently hydrogen, halogen, 
primary or secondary C 1 -C 12 alkyl, CV-C^ aDcenyl, C^-C J2 
aflcynyl, C 3 -C aa amuxalkyl, C A -C i2 hyaroxyalkyl, phenyl, 
C,-C 12 haloalkyl, C 3 -C 12 aminoalkyl, C 2 -C 12 
35 hydrocarbonoxy, C^-C ja halohydrocarbonoxy wherein at 
least two carbon atoms separate the halogen and oxygen 
atoms, or the like; X is hydrogen. Cj-Cjo alkyl, C <r C 2a aryl, 
C^-Cro mixed alkyl-aryl hydrocarbons! or such hydrocarbon 
groups containing a substituent such as carboxylic acid, 
40 aldehyde, alcohol, amino, or the like; X also may be sulfur, 
sulfonyl, sulfuryl, oxygen, or other such bridging group 
having a valence of 2 or greater to result in various bis- or 
higher polyphenols; y and n arc each independently 1 to 
about 100, preferably 1 to 3, and more preferably 1 to 2. In 
a preferred embodiment, y«n. 

In one embodiment, the capped poly(arylcne ether) is 
produced by capping a poly (aryleno ether) consisting essen- 
tially of the polymerization product of at least one mono- 
hydric phenol having the structure 

so 



45 



and 



55 




60 



wherein R 5 is Cj-Cj, alky; R*-R 8 are each independently 
■hydrogen, Cj-C^ alkyl, C^-<: i2 alkenyl, C^-C 1B aryl, « 
(V-C a8 mixed (ilkyl-aryl), (V-C^ alkoxycaxbonyl, CV^Cja 
afylaxycarbonyl, Cg-C JS mixed (alkyl-aiyl)oxycarbonyt, 



wherein R J ^R 4 are each independently hydrogen, halogen, 
primary or secondary Cj-C^ alkyl, C*-C ia alkenyl, C^~, 2 
alkynyl, 

^l-cia aminoalkyl, Cx—cn hydroxyalkyl, phenyl, 
C 4 -C ia haloalkyl, C x -C zz aminoalkyl, C,-C 12 
hydrocarbonoxy, C 2 -C 12 halohydrocarbonoxy wherein at 
least two carbon atoms separate the halogen and oxygen 
atoms, or the tike. Suitable mooohydric phenols include 
those described in US. Pat. No. 3306,875 to Hay, and 
highly preferred monohydric phenols include 2,6- 
dimethylpherjol and 23,6-trimethyiphenoL 
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la one embodiment, the capped poly(arylcne elhcr) com- uncapped poly( arylene other) with a capping agenL Capping 
prises at least one capping group having the structure agents include compounds that react with phenolic groups. 

Such compounds include both monomers and polymers 
containing, for example, anhydride groups, acid chloride 
* groups, epoxy groups, carbonate groups, ester groups, tso- 
cyauate groups, cyanate ester groups, alkyL halido groups or 
combinations comprising at least one of the foregoing 
groups. Capping agents are not limited to organic com- 
pounds as, for example, phosphorus and sulfur based cap* 
10 ping agents also axe included. Examples of capping agents 
wherein R a -R fl are each independently hydrogen, C x -C 12 include, for example, acetic anhydride, succinic anhydride, 
alkyl Cj-Cji alkenyl, C^-C^aryl, (V-Cjs mixcd(alkyl- maleic anhydride, salicylic anhydride, polyesters compris- 
aryl), Ct-Cja alkoxycarbonyl, Ct-C 1s aryloxycarbonyl, ing salicylate units, homopolyesters of salicylic acid, acrylic 
Ca^ia mi *cd (alkyl- aryl)oxycarbonyl t nitrile, farmyl, anhydride, mcthacrylic anhydride, glycirfyl acrylate, gly- 
carboxylate, imidate, thiocarboxylatc, or the like. Highly 15 cidyl met bacry late, acetyl chloride, be nzoyf chloride, diphe- 
p referred capping groups include acrylate (R^-R -R* ayl carbonates such as ^4-njtrophcnyl) carbonate, acryloyl 
hydrogen) and rnethacryktc (R fi methyl, R 7 -R 8 -hydrogen). esters, methacryloyl esters, acetyl esters, phenyhsocyanate, 
In one embodiment, the capped poly(arykDe ether) com- 3-isopropenyl-aIpha,alpha-dimcthylphenylisocyaoate, 
prises at least one capping group having the structure cy a nato benzene, 2,2-bis(4~cyanatopheoyl)propane), 

20 3-(aipha-chloromcthyl)slyrene, 4-(atpha-chicronicthyI) 
styreoe, allyl bromide, and the like, carbonate and substi- 
tuted derivatives thereof, and mixtures comprising at least 
one of the foregoing capping agents. These and other 
methods of forming capped po]y(arylcne ether)s are 
wherein R 5 is C.-C^ alkyl, preferably alkyl, more 25 

preferably methyl, ettyl, or Lpropyl It has surfSrfaingly ' J^°r^ ?J?~ °Tf^ S ^ S ' N ° S ' 

been found that the advantageous properties of thVcompo. V^iYS^i^^ 4 !! 5 ^^ 
silioo can be achieved eveTwhen to oipped poiyCarylene ' P , at WWSmW* S ^S^J Bd 

ether) lacks a polymerizable function sich as a carbon- M ^ l0 ^ 20 # to f Na ™ c 5 * ^ Pa ^ No : » 
carbon double bond. 30 ct and European Patent No. 261,574 Bl to 

In another embodiment, the capped poly(aryiene ether) Petera *1. 
comprises at least one capping group having the structure A ^Wing^catalyst may be employed m the reaction of an 

uncapped poly(arylene ether) with an anhydride- Examples 
v of such compounds include those that ax capable of caia- 

-\ / R \ 35 1 y rfn & condensation of phenols with the capping agents 

j> /=-\ \ described above. Useful materials are basic compounds 

U / \ I including, for example, basic compound hydroxide salts 

\ #~ J such as sodium hydroxide, potassium hydroxide, tetraalky- 

f K J lammonhim hydroxides, and the tike; tertiary alkyl amines 

R o \i2 / 40 such as tributyl amine, triethylamine, dimethylbcnzylanrine, 

dimethyD>utylarnine, and the like; tertiary mixed alkyl- 
aryl amines and substituted derivatives thereof such as 
wherein R^R 13 are each independently hydrogen, halogen, dimethylaniline, and the like; heterocyclic amines such as 
C L -C l2 alkyl, hydroxy, amino, or the like. Preferred capping imidazoles, pyridines, and substituted derivatives thereof 
groups of this type include salicylate (R 9 is hydroxy, and 45 such as 2-rnethylimidazole, 2-vinylimidazoIe, 
R 10 -R" are hydrogen). 4<dirneu^ylanimo)pyridine, 4-(l.pyrrolirio pyridine, 4-(l- 

In one embodiment, the capped poly(arylene ether) is piperidiao)pyridioe, 2-viny (pyridine, 3-vinylpyridine, 
substant ially free of amino substituents, inc hiding alky- 4-vinylpyridine, and the like; and mixtures comprising at 
lamina and di alkyl amino substituents, wherein substantially least one of the foregoing materials. Also useful are orga- 
free means that the capped poly(arylene ether) contains less 50 nometallic salts such as, for example, tin and zinc salts 
than about 300 micrograms, preferably less than about 200 known lo catalyze the condensation of, for example, isocy- 
micro grams, more preferably less than about 100 anates or cyanate esters with phenols. The organometallic 
mi crograms, of atomic nitrogen per gram of capped poly salts useful in this regard are known to the art in numerous 
(arylene ether). Although many poly(arylene e£her)s are publications and patents well known to those skilled in this 
synthesized by processes that result in the incorporation of 55 art. 

amino substituents, it has been discovered that thennoset The composition may comprise a blend of at least two 
curing rates arc increased when the capped poly(aryLene capped poly(aryleae ethers). Such blends may be prepared 
ether) is substantially free of amino substituents. Poly from indrviduaUy prepared and isolated capped po>ly(arylene 
(arytene ether)s substantially free of amino substituents may ethers). Alternatively, such blends may prepared by reacting 
be synthesized directly or generated by heating amino- 60 a single poly (arylene ether) with at least two capping 
substituted poly(arylcne ether)s to at least about 200* C. agents. 

Alternatively, if the capped poly( arylene ether) contains There is no particular limitation on the molecular weight 
amino substituents, it may be desirable to cure the compo- or intrinsic viscosity of the poly( arylene ether). In one 
sition at a temperature less than about 200° C. embodiment, the intrinsic viscosity, as measured in chloro- 

There is no particular limitation on the method by which 65 form at 25° C, may be at least about 0.1 dccilitera/gram 
the capped poly(arylene ether) is prepared. The capped (dL/g), preferably at least about 0.15dL/g# more preferably 
poly{arylene ether) may be formed by the reaction of an al least about 0.20 dL/g. The intrinsic viscosity may be up 
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to about 0.50 dUg, preferably up 10 about 0.45 dL/g, more bydroxypropyl (mefh)acrylatc, isoborayl (meth)acrylate, 
preferably up to about 0.40 dL/g, yet more preferably up to tetrafaydrofurfuryj (iceth) a cry la to, 3,4- 
about 0.35 dL/g. Generally, the intrinsic viscosity of a epoxycyclohexylmeibyl (meth) acryl ale, and the Eke; halo- 
capped, poly(arylene ether) will vary insignificantly from genated (meth) acrylates such as pentabra mobenzyl (meth) 
the intrinsic viscosity of the corresponding uncapped poly 5 acrylate, and the like; and acrylic or methacrylic amides 
(arylene ether). It is expressly contemplated to employ such (meth)acplamide, diacetone (mcth)acrylamide, N(2- 
blends of at least two capped poly(arylene ether)s having hydroxyetbyl) (meth)acryl amide, N-methyl(cjeth) 
different molecular weights and intrinsic viscosities. aery! amide, N-ethyt(u)etb)acrylaniide, N^-dimcthyl(meth) 

The composition may comprise the poly(arykne ether) in acryiamide, NJ^-dimemylaminopropyl(meth).*icrylamjde, 
an amount ofat least about 10 parts by weight, preferably at 10 N^J-dimethylaminopropyl(meth)acry1 amide, N,N- 
least about 14 parts by weight, more preferably at least about dimethylaminoelhyI(racth)aci7lainidc, and the like; and 
20 pans by weight per 100 parts by weight resin. The mixtures comprising at least one of the foregoing acryloyl 
composition may comprise, the poly(arylene ether) in ao monomers. It will be understood that the suffix (meth) aery 1- 
amount up to about 50 parts by weight, preferably up to denotes either acryl- or methacryl-. Additional suitable aery- 
about 45 parts by weight, more preferably up to about 40 1 5 kyl monomers are disclosed in U.S. Provisional Application 
parte by weight per 100 parts by weight resin. It will be Serial No. 60/262,571, filed Jan. 18, 2001. 
understood that **1 00 parts by weight resin" as used herein In a preferred embodiment, the acryloyl monomer is 
refers to the combined parts by weight of resinous compo- substantially tree of polymerizable moieties other than aery- 
cents such as the po!y(arylene ether), the acryloyl monomer, loyl moieties. For example, in this embodiment, the acryloyl 
and the alrylic monomer; it excludes non-resinous compo- 20 monomer may not comprise an a Hylic moiety, or a vinyl 
ncnts such as the abrasive filler, and any secondary filler or group directly bonded to an aromatic ring, 
curing catalyst. The composition may comprise the acryloyl monomer in 

The composition further comprises an acryloyl monomer. an amount of at least abou 1 5 parts by weight, preferably at 
The acryloyl monomer comprises at least one acryloyl least about 10 parts by weight, per 100 parts by weight resin, 
moiety having the structure 15 The composition may comprise the poly(arylene ether) in an 

amount up to about 60 parts by weight, preferably up to 
about 50 parts by weight, more preferably up to about 40 
parts by weight per 100 parts by weight resin. 
The composition further comprises an allylic monomer. 
30 An allylic monomer is herein defined as a monomer com- 
prising an allylic moiety having the structure 





wherein R Je and R 17 are each independently hydrogen or 
Q-Cja alkyl, and wherein R 16 and R 17 may be disposed 
either cd or trans about the carbon-carbon double bond. 35 
Preferably, R 1S and R 17 are each independently hydrogen or 
methyl. In one embodiment, the acryloyl monomer com- 
prises at least two acryloyl moieties having the above . . o21 

structure In another embodiment, the acryloyl monomer wher ? fl * ^ °° ny*ojf n» Ci-Ce *&yU or ^ like. In 

comprises at least three acryloyl moieties having the above 40 a prefcrred ^bodiment, R is hydrogen. When the allylic 

structure monomer comprises at least two alrylic moieties, it is termed 

In one embodiment, the acryloyl monomer comprises at a Pf}}*^^ *Uylk monomer 

least one acryloyl moiety having the structure tAW* mo - Domcrs m W include, for example, allylic 

, alcohols, allyl caters* ally! ethers, and alkoxylaled allylic 

^ alcohols. Allylic alcohols may have the general structure 

f 

50 

whereinR^-R 20 are each mdependenUy hydrogen, ^" e[ ? l***^™ 0 ^^: l^ 1 * ^ 

alkyl C a -C 12 alkenyj, C 6 -C Jfl aryf, C 7 -C, 8 mixed (alky" alcohob mdude aUyl alcoh<u, methallyl alcohol, 2«thyl-2- 
aryl), C^C^ alkoxcarbonyl, C^ 8 aryloxycarbonyl, propea-lol and the like, aid mixtures comprising at least 
C^, mixed (alkyl-aryl)oxycwbSyl, nitrile, formyl, 55 *» foregoing aJlyhc alcohols, 

carboxylate, imidale, thiocarboxylate. or the like. Preferably, AJ ^ 1 estcre m ** S 606 " 1 structure 

R 1B -R & arc each independently hydrogen or methyl. In one 

embodiment, the acryloyl monomer comprises at least two ? a 
acryloyl moieties having the structure above. In another c jq a 3 * 

embodiment, the acryloyl monomer comprises at least three $0 BaC^ ^CHa^C^ 

acryloyl moieties having the structure above. || 
Suitable acryloyl monomers include, for example, methyl 0 
(met h)acry late, ethyl (meth)acrylale, isopropyl (meth) 

acrylate, u-butyl (metb>crylate, iaobutyl (meth) acrylate, in which R 33 s hydrogen or Cj-CV alkyl, and R 34 is 

2- ethylhexyl (metb)acrylatc, 2-bydroxyethyl (mcth)acrylate, 65 hydrogen or a saturated or unsaturated linear, branched, or 

3- hydroxypropyl (meih)acrylate, hydroxy butyl (meth) cyclic Cj-C^ alkyl, aryl, alkylaryl, or aralkyl group. Suit- 
a cry late, glycidyl (meth) a cry late, 2,2-dimethyl-3- able allyl esteis include, for example, allyl formate, allyl 
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acetate, allyl butyrate, allyl beozoate, metfaallyl acetate, allyl 
fatty esters, and the like, and mixtures comprising at least 
one of the foregoing ally] esters. 

Allyl ethers may have the general structure 



10 



r • 



wherein R 15 is hydrogen or C_-C 0 alkyl, and is a 
saturated or unsaturated linear, branched, or cyclic Cj-Cjq 
alkyl, aryl, alkylaryl, or aralkyl group. Suitable allyl ethers 
includes for example, ally] methyl ether, allyl ethyl ether, 
aUyi lertbutyl ether, aHyl melhylbenzyt ether, and the like, 
and mixtures comprising at least one of the foregoing allyl 
ethers. 

Allylic monomers further include alkoxylated aHylic 
alcohols. Alkoxylated allytic alcohols may have toe general 
structure 



CBa — (A), — OH 



wherein R 27 is hydrogen or Cj-C e alkyl, Ais an oxyalkykne 
group, and a, which is the average number of oxyalkyfene 
groups in the alkoxylated aQylic alcohol, has a value from 1 
to about 50. Oxyalkylcne groups may include oxyethylene, 
oxyprcpylone, oxybutylenes, and mixtures comprising at 
least one of the foregoing oxyalkylcne groups. Alkoxyl&tcd 
allylic alcohols can be prepared by reacting an allylic 
alcohol with up to about 50 equivalents of one or more 



even mom preferably at least about 6,000. Suitable hard 
fillers may comprise, for example, aluminum oxides; silicon 
carbides; silicon nitrides; sialons; cubic boron nitrides 
(CBN); alumtnosflicates; titanium carbide*; chromium car- 
5 bides; tungsten carbides; zirconium oxides; silicon doped 
boron-ahiminum-magnesxum (QAM); natural and synthetic 
diamonds; garnets; composite ceramics comprising at least 
one of the foregoing fillers; composite ceramic metals 
(cermet) comprising a metal and at least one of the foregoing 
10 fillers, such as, for example, (tungsten carbides cobalt) and 
(chromium carbide +Qickel); combinations comprising at 
least one of the foregoing fillers; and the like. Presently 
preferred abrasive fillers include those comprising diamond, 
CBN, and/or BAM. 
35 There is no particular limitation on the particle size of the 
abrasive filler. The abrasive filler may have a particle size 
corresponding to about 600 mesh to about 5 mesh, prefer- 
ably about 300 to about 25 mesh, more preferably about 200 
to about 80 mesh. ; 
20 la one embodiment, the abrasive filler comprises a metal 
coating. The metal coatings may comprise, for example, Ni, 
Cu, Or, Fe, Co, So, W, Ti. as well as alloys comprising ai 
least one of the foregoing metals, mixtures comprising at 
least one of the foregoing metals, and the like. 
25 The composition may comprise the abrasive filler in an 
amount of at least about 5 parts by weight, preferably at least 
about 50 parts by weight, more preferably at least about 100 
parts by weight, yet more preferably at least about 200 parts 
by weight, ever more preferably at least about 400 parts by 
30 weight, per 100 parts by weight resin. The composition may 
comprise the abrasive filler in an amount of up to about 
2,000 parts by weight, preferably up to about 1,000 parts by 
weight, more preferably up to about 700 parts by weight, per 
100 parts by weight resin. One advantage of the curable 



alkyleoe oxides in the presence of a basic catalyst as 35 composition is its ability to allow high filler contents (higbci 
j — r i_ * T -- ^« - than those permissible with phenolic resins) while maintain- 

ing excellent physical properties. Filler amounts may also be 
expressed as volume percent* of the total composition. Thus, 
the composition may comprise the abrasive filler in an 
amount of about 5 to about 95 volume percent, preferably 
about 10 to about 90 volume percent, more preferably about 
50 to about 80 volume percent, based on the total volume of 
the composition. 

The composition may, optionally, further comprise sec- 
ondary fillers. Secondary fillers may include, for example, 
abrasives such as ceramic bo rides, including titanium 
bo rides; thermal management particles including, for 
example, powders comprising Cu, Fe, Sn, or bronze, mix- 
tures of the foregoing metallic powders, and the like; addi- 
50 tional fillers such as carbon particles, carbon fibers, silicon, 
and the lite, as well as alloys and mixtures comprising at 
least one of the foregoing secondary fillers. In applications 
where electrical conductivity or sialic dissipation is 
desirable, preferred carbon fibers may include vapor-grown 
carbon fibers having an average diameter of about 3.5 to 
about 500 nanometers as described in, for example, U.S. Pat. 
Nos. 4,565,684 and 5,024.818 to Tibbetts et ai; U.S. Pat. 
No. 4,572,813 to Arakawa; U.S. PaL Nos. 4/563,230 and 
5,165,909 to Tennent; US. Pat No. 4,816,289 to Komatsu 
et aU U.S. Pat. No. 4,876,078 to Arakawa et al.; 5,589,152 
to Tennent et al.; and U.S. PaL No. 5,591,382 to Nahass et 
al. The secondary fillers, when present, may be used in an 
amount of about 1 to about 30 parts by weight, per 100 parts 
by weight resin. 

The composition may, optionally, further comprise a 
curing catalyst to increase the curing rate of the unsaturated 
components. Curing catalysts, also referred to as initiators, 



described, for example, in U.S. Pat. Nos. 3,268,561 and 
4,618,703. Alkoxylated allylic alcohols can also be made by 
acid catalysis, as described, for example, in Journal of the 
American Chemical Society, volume 71, pages 1152 ft 
(1949). 40 

In a preferred embodiment, the allylic monomer is a 
polyfunctional allylic monomer. Specific polyfunctional 
allylic monomers include, for example, diaUyl adipaie, 
diallyl cdtraconate, diallyl diglycolate, di allyl ether, di allyl 
fumarate, diallyl isophtbalate, diallyl itaconate, diallyl 4S 
maleate, diallyl phthalate, diallyl terephthalate, triallyl 
aconltate, Lriallyl cyanurate, triallyl isocyanurate, triallyl 
phosphate, triallyl trimellitate, tetraallyl o-silicic acid, and 
the Bkc, and mixtures comprising at feast one of the fore- 
going allylic monomers. 

In one embodiment, the allylic monomer is substantially 
free of polymerizable moieties other than allylic moieties. In 
this embodiment, the allylic monomer may not comprise, for 
example, an acryloyl moiety, or a vinyl group directly 
bonded to an aromatic ring. 

The composition may comprise the allylic monomer in an 
amount of at least about 20 parts by weight, preferably at 
least about 30 parts by weight, more preferably at least about 
40 parts by weight, per 100 parts by weight resin. The 
composition may comprise the allylic monomer in an 60 
amount up to about 80 parts by weight, preferably up to 
about 70 parts by weight, more preferably up to about 65 
parts by weight, per 100 parts by weight resin. 

The composition further comprises an abrasive filler. 
Such fillers may have a Knoop hardness of at least about 65 
2,000, preferably at least about 3,000, more preferably at 
least about 4j000 t yet more preferably at least about 5,000, 



55 
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arc used lo initiate the polymerization cur© or crosslink any the powder be substantially free of particles having any 
of numerous thermoplastics and theimasets including unsat- dimension greater than about 300 micrometers, preferably 
u rated polyester, vinyl ester and allylic tbermosete. Non- substantially free of particles having any dimension greater 
limiting examples of curing catalysts are those described in than about 150 micrometers, more preferably substantially 
"Plastic Additives Handbook. 4th Edition- R. Gachter and S free of particles having any dimension greater than about 
H. Muller (eds.) P. P. Klemchuck (assoc. ed.) Hansen 100 micrometers, yet more preferably substantially free of 
Publishers, New York 1993 and in U.S. Pat No. 5,407,972 particles having any dimension greater than about 50 
to Smith et al., and VS. PaL No. 5,218,030 to Katayose el micrometers. By substantially free, it is meant that the 
al The curing catalyst for the unsaturated portion of the composition includes less than 5% by weight, preferably 
thermosel would include any compound capable of pro due- jo less than 2% by weight, more preferably less than 1% by 
ing radicals at elevated temperatures. Such curing catalysts weight of particles having the specified dimensions. In one 
may include peroxy and non-peroxy based radical initiators. embodiment, the composition may be formulated as a mix- 
Examples of useful peroxy initiators include, for example, rare comprising curable resin particles and abrasive filler 
benzoyl peroxide, dicumyl peroxide, methyl ethyl ketone particles, with the particle size limitations above applying 
peroxide, iauryi peroxide, cyclobcxanone peroxide, t-butyl is only to the curable resin particles. 

hydroperoxide, t-butyl benzene hydroperoxide, t-butyl In another embodiment, the composition may be formu- 

peroctoate, 2^<Jimetnylhexane-2,5Hlmydropcroxide, 2,5- lated as a pellet using extrusioa techniques known in the art. 

dimethy]-2,5-di(t-butylperoxy)-bex-3-yne, di-t- In order to facilitate handling under ambient conditions 

butylperoxide, t-butylcumyl peroxide, alpha^lpha"-bis and stability of powdered compositions under transportation 
(t-bntylperoxy-m-isopiopyl)beiizene, 2^-dimethyl-2»5-di(t- 20 conditions, it may be preferred that the composition have a 

bulylpeTOxy)hexane, dicumylperoxide, di(t-bulylperoxy melting temperature of al least about 50° C, preferably at 

isophthalate, t-butylperoxybenzoate, 2£-bis(t-butylperoxy) least about 60° C, more preferably at least about 70° C. lb 

butane, 2,24>is(t-burylperoxy)ocUne, 2,5 -dime thy 1-2,3 -di ensure melting below typical molding temperatures, it may 

(benzoylperoxy)hexanc, di(!rimemylsilyl)perc«ide, irimeth- be preferred that the composition have a melting tempera- 
ylsilylphenyltriphenylstlyl peroxide, and the like, as well as 23 hire up to about 150* C, preferably up to about 140° C, 

mixtures comprising at least one of the foregoing curing more preferably up to about 130° C. 

agents. Typical non-peroxy initiators include, for example, In one embodiment, the curable resin composition cam- 

2,3-dirrjethyl-2^J-diphenyIbutane, 2>3-triinethyteilyioxy-2, prises about 10 io about 50 parts by weight of a poly(aryiene 

3-cKphenylbutanc, and the hke, and mixtures comprising at ether); about 5 to about 60 parts by weight of an acryloyl 
least one of the foregoing curing catalysts. 30 monomer; about 20 to about 80 parts by weight of an allylic 

Those skilled in the art may determine an appropriate monomer; and about 5 to about 2,000 parts by weight of an 

amount of curing catalyst without undue experimentation. abrasive filler; wherein all parts by weight are based on 100 

The curing catalyst amount may be at least about 0.1 part by pans by weight resin. 

weight, preferably at least about 1 part by weight, more In one embodiment, the composition comprises about 15 
preferably at least about 2 part by weight, per 100 parts by 35 to about 45 parts by weight of a capped poly(arylcne ether); 
weight resin. The curing catalyst amount may be up to about about 10 to about 40 parts by weight of a polyfu notional 
10 parts by weight, preferably up to about 5 parts by weight, acryloyl monomer; about 30 to about 70 parte by weight of 
per 100 parts by weight resin. It is preferred that the identity a polyfunctional aDyhc monomer, and about 100 to about 
and amount of the curing catalyst be selected so as not to 1,000 parts by weight of an abrasive filler comprising silicon 
compromise the ability to process or maintain the curable 40 carbide, cubic boron nitride, synthetic diamond, or a mix- 
formulation in powder form. tares comprising al least one of the foregoing abrasive 
In addition to the components described above, the cur- fillers; wherein all parts by weight are based on 100 parts by 
able rosin composition may further comprise one or more weight resin. 

additives such as flame retard ants, flame retardani It wiE be understood that the composition encompasses 

synergists, mold release agents and other lubricants, 45 reaction products of any of the above-described curable 

antioxidants, thermal stabilizers, ultraviolet stabilizers, compositions, as well as articles comprising the cured com- 

pigments, dyes, colorants, fibrous reinforcements, disc- positions. 

shaped fillers, low-aspect ratio fillers, synthetic resins, naru- As the composition is defined as comprising multiple 

ral resins, thermoplastic elastomers, and the like, as well as components, it will be understood that each component is 

reaction products of the foregoing additives, and mixtures so chemically distinct, particularly in the instance that a single 

comprising at least one of the foregoing additives. Additive chemical compound may satisfy the definition of more than 

amounts may be determined without undue experimentation. one component 

Non-limiting examples of additives are those described in There is no particular limitation on the method used lo 

"Plastic Additives Handbook, 4th Edition" R. Gachter and prepared the curable resin composition. In one embodiment, 

H. Muller (eds.), P. P. Klemchuck (assoc. ed.) Hansen 55 the composition may be prepared by a method comprising 

Publishers, New York 1993. Many specific additives are also blending a poly(*rylene ether), an allylic monomer, and an 

described in U.S. Provisional Application Serial No. 60/262, acryloyl monomer to form an intimate blend; and blending 

571, filed Jan. 18, 2001. the intimate blend and an abrasive filler. 

In one embodiment, the composition is substantially free fn one embodiment, the composition may be prepared by 

of alkenyl aromatic monomers in which an alkenyl substitu- 60 a method comprising blending a pcly(arylene ether) and an 

ent is directly bonded to an aromatic ring. By substantially allylic monomer to form a first intimate blend; blending the 

free of alkenyl aromatic monomers, it is meant that such first intimate blend and an acryloyl monomer to form a 

monomers arc not intentionally added. Such alkenyl aro- second intimate blend; processing the second intimate blend 

ma tic monomers include, tor example, styrene, di vinyl lo form a curable powder; and blending the curable powder 

benzenes, and vinyl pyridine. 65 wilh an abrasive filler. Processing the second intimate blend 

In one embodiment, the composition may be formulated to form a curable powder may preferably comprise grinding 

as a powder. For some applications, it may be preferred that the second intimate blend at a temperature up to about 75° 
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C, preferably op to about 150° C, more preferably up to abrasive fillers may also be improved by the use of coalings 
- about 170° C, yet more preferably up to about 190° C Such applied to the abrasive filler, 
temperatures embrittle the resin, thereby facilitating grind- Articles formed using the above processes may be post- 
ing into small particles. For example, the resin may be mold processed, such as for example, ground to a particular 
cryogenicaily ground by immersing in liquid nitrogen and s sizo or sftfl P e » sharp coed, annealed, fixtured, or the like. In 
allowing to cool to 196° C; it may then be transferred fact, there is no reason that blades comprising the cured resin 
rapidly into the opening of a grinder in a portion-wise composition cannot be sharpened in use. For example, a 

fashion where it may contact a rotating screen of the desired £?E^JS£ T^^^a^ ^ 

. . . . . . , 4 may be sharpened should the blade become dull or nicked 

mesh size, passing trough the mesh to a collection reset- 10 dBfing * virtUAllv co rcatrictioD ° ^^uts 

von-. Eqummeni to perform cryogenic grinding * commer- that can r* made from the curable and cured resin compo- 

ciaUy available from, for example, Retsch/Brinkmann as the sitions. Presently preferred articles comprising the cured 

ZM-1 Grinder. The method may further comprise blending composition include cut-off wheels and grinding wheels, 

the curable powder with a curing catalyst. and the like For example, cut-off wheels molded from the 

in one embodiment, the composition may be prepared by 35 curable resin composition may exhibit a G ratio of at least 

a method comprising blending about 20 to about 80 parts by about 3K>, preferably at least about 400, more preferably at 

weight of an auybc monomer with about 10 to about 50 parts kast about 500 ' 33 measured on cemented tungsten carbide, 

by weight of a poly(arylcne ether) to form a first intimate G * ratk> (^lume of work piece removed)/ 

blend; blending the first ktim ate bknd with about 5 to about fctl^V^ 1-^ 

, . . 4 , . . c J 20 book; Ninth Edition; Volume. 16— M achming" ASM 

60 parte by weight of an acryloyl monomer to form a second ^^tioiud, page 422 (1989). A specific procedure for 

intimate blend; grinding the second intimate blend at a determining G ratio values is given in the following 

temperature up to about -75 s C to form a first curable examples. 

powder; blending the first powder with a curing catalyst to The curable and cured resin compositions are further 
form a second curable powder; and blending the second 25 illustrated by ibe following non-limiting examples, 
curable powder with about 5 to about 2000 parts by weight 

of an abrasive filler; wherein all parts by weight arc based on EXAMPLE 1 

100 parts by weight resin. This example describes the preparation of a powdered 

Processes useful for processing the composition include resin material. Diailyl phthalale (510 grams; obtained from 

injection molding, co-mjection molding, reaction injection Aldrich as a liquid of 97% purity) was heated to 160-165° 

molding, overmoldbg, resin transfer molding, vacuum c. in a glass reaction vessel. To this was added me thacry late - 

assisted resin transfer molding, Soman's composite resin capped poly (2,6-dimethyU,4-phenylene ether) (PPE-MA; 

infusion manufactunng process (SCRIMP), chemically 340 grams) having an intrinsic viscosity of 0.25 dL/g as 

assisted resin transfer molding, atmospheric pressure measured at 25° C in chloroform. The capped poly(arylene 

molding, open mold casting, wet lay-up, dry lay-up, spray ether) was prepared by reaction of the corresponding 

lay-up, sheet molding, bulk molding, filament winding, uncapped poly(aryIene ether) with methacrvlic anhydride, 

pultrusion, lamination, and the like, and combinations com- using procedures described in U.S. patent application Sex 

prising at least one of the foregoing processes. Additional n 0 . 09/440,747, filed Nov. 16, 1999, now abandoned. The 

processes have been described In "Polyesters and Their mixture was stirred and heated until the polyfarylene ether) 

Applications* by Bjorksten Research Laboratories, Johan completely dissolved. Trimethylolpropan* trimethacrylatc 

BjOTksten (pres.) Henry Jovev (Ok Lit. Ass ), Betty- Harkcr (TMPTMA; 150 grains; obtained from Sartomer as a neat 

(Ad. Ass.), James Hennuag (Ad. Ass,), Reinbold Publishing liquid) was then added to the reaction flask and mixed until 

Corporation, New York, 1956, "Uses of Eooxy Resins". W. it was completely blended. The solution was then poured 

O. Potter, Newnes-Buttersworth, London 1975, "Chemistry into a fiat container and allowed to cool so that it could form 

and Technology of Cyaoate Ester Resins" by I. Hamerton, a hardened, wax-like substance. The resin mixture was 

Blakie Academic Publishing an Imprint of Chapman Hall. cooled to -196° C in liquid nitrogen and rapidly transferred 

There is no particular limitation on the method by which to a RetscVBrintanann as the ZM-1 Grinder where it was 

the composition may be cured. The composition may, for ground to produce a powdered resin having particle sizes 
example, be cured thermally or by using irradiation 50 less than about 50 grit. 7b the powdered resin was then 

techniques, including LTV irradiation and electron beam added an initiator, dicumyl peroxide, at 2 weight percent 

irradiation. based on total resin weight 

In one embodiment, the resin composition may be for- 
inulated as a powder. In this form, it is useful for mixing with EXAMPLE 2 
other powdered additives 10 form a dry mix, in that blending 35 This example describes the preparation of a curable 
is accomplished more readily than when the resin compo- composition including an abrasive filler. Twenty parts by 
anion is a viscous liquid or paste. Use of the powdered resin weight of the powdered resin of Example 1 were combined 
composition is particularly advantageous when the abrasive with 485 parts by weight of nickel-coated diamond having 
filler comprises the majority of the blend, for example about 44 weight percent diamond and 56 weight percent nickel, 
70 to about 80 weight percent of the total composition, the 60 and 315 parts by weight of silicon carbide. The nickel- 
balance including the curable resin. coated diamond had a mesh size of 120-140. The above 

In another embodiment, the resin composition may be mixture was placed in a mold having a cavity of nominal 

formulated as a pellet or other solid form derived from dimensions 7 centimeter diameter by 1 centimeter thickness, 

compounding. Compounding procedures known in the art The mold was then closed and heated to 140° C. as a force 
may be useful to improve dispersion and wetting of the 65 of 3 metric tons was applied to compress the resin/abrasive 

abrasive filler, compared to dispersion and wetting achieved mixture. After 25 minutes, the specimen was removed from 

with dry powder mba^ o^ the mold and examined. A hardened, crosslinked, disk 
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having good physical integrity was obtained. The sample 
exhibited a haidness using Rockwell indentor H of 91 „ a 
density by the Archimedes method of 100% (oo porosity), 
and a room temperature thermal conductivity of 3.6 watts 
per meter per Kelvin (W/m/K) indicating complete wetting 
and adhesion of diamond and silicon carbide grits by resin. 

EXAMPLE 3 

. This example describes the preparation of a curable 
composition including multiple abrasive fillers, as well as 
secondary fillers. Eighteen parts by weight of the pqwdered 
resin of Example 1 were combined with 27 parts by weight 
diamond grit having a mesh size of about 120, 35 parts by 
weight of the nickel-coated diamond of Example 2, 12 parts 
by weight of titanium boride tines having a mesh size of 
about -500, and 8 parts by weight of metallic copper fines 
having a mesh size of about -500. This mixture was placed 
into a mold having a cavity of nominal dimensions 7 
centimeters diameter by 1 centimeter thickness. The mold 
was closed and heated to 155° C as a force of 6 metric tons 
was applied to compress the resin/abrasive mixture. After 30 
minutes, the specimen was removed from the mold and 
examined. A hardened, cross linked disk having good physi- 
cal integrity was obtained. The molded disk had a B&rcol 
hardness of 66. The disk was post-cured for 20 hones at 150° 
C. The post-cured disk had a Bar col hardness of 73. 

EXAMPLES 4 AND 5 

These examples describe the use of an abrasive-filled 
composition to mold ALA abrasive cut-off wheels using two 
curing conditions. The abrasive-filled curable composition 
of Example 3 was compression molded at a temperature of 
about 350-375* F. and a pressure of about 20 ton/in2 for 60 
minutes to yield a 1A1 cut-off wheel having a wheel 35 
diameter of 177.8 millimeters (7.0 inchesX a wheel rim 
width of 6.4 millimeters (0.250 inches), and an abrasive rim 
depth of 6.4 millimeters (0.250 inches). This grinding wheel 
corresponds to Example 4, audit had a bond density of 3 JS4 
g/oc and an Rockwell Hardness H scale (HRH) value of 40 
68-74. 

The composition and procedure used to prepare Example 
4 was used to prepare Example 5, except thai the curing 
temperature was increased to about 700-750° F. and the 
pressure was increased to 15 ton/in2. This grinding wheel 
had a bond density of 3.297 g/cc and an HRH value of 
100-110. 

Cut-off wheels were tested using tungsten carbide (WC) 
material. Wheel preparation and test conditions are summa- 
rized in Table 1. The composition and properties of the WC 
material are summarized in Tabic 2. Compositions, molding 
temperatures) and test results for the cut-off wheels are given 
in Table 3. 
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TABLE 1 



ROUGH TRUING 

Rough Ttmng Device 
Rough Truing Wheel 

10 Rough Ttuing 
Conditio us 
WHEEL DRESSING 



Dim *lng Stick 



Disss Mode 
Drew Plunge Rate 
Dress Amount 
20 FINISH TRUING 

Finish Truing Dovtce 
Finish Truing Wheel 

25 

Mesh, size 
Qmcejuztdoa 
Truing Condtttom 



30 



Number of Puses 
GRINDING* TEST 

cone mews 

Machine 

Grind Mods 
WheeJ Speed 
Depth of Cut 
Table Speed 
Width of Cut 
Length of CUt 
Material Removal Rate 
Wotkpiece Material Size 

Coolant 



50 Coolant Flow 



45 



Brake 

3.0 inch diameter x 1.0 inch wide 37060 MVK 

Silicon Cnrbldfl wheel 

G.0OC2 icch-0-0020 inch downficed * 

21.0 Inch/rmn croafbed 



Bay Stato 1.0 inch w 1.0 Inch Alucnimita Oxide 

#9A2*0G9V82 

Plunge 

8 inch/ruin 

0.30 in' 



Brt&e 

3.0 inch dfeirwier x 0A90 inch wide MBS-750 
Metal- Bond Diamond womI 

60/B0 

10 volume 5fr 

OjOQQI Inch downfccd x JSJO iodtAmn 



Brown & Shupe model 8/24, 15 hp CKC 

surface* grinder 

Crcepfeed (spent) 

5,500 feeVmio (28 nv/toec) 

0.040 inch (1.0 mm) 

IS fnnrVmui (U m/min) 

0.1«o inch (3.6 aim) 

3.S0 iocti (89 nun) 

0 30 iti 3 ,'min (3.1 mm'/mm/sec) 

33 fatch long x 0.140 inch wide (69 mm x 

3.6 n:p) 

Master Chemical VHPE 320 watw solublo oil 
at 566 concentration 

24 gaUoos/Doln at J 00 pai (attry and exit 
nozzles) 



TABLE 2 



Properties 



_ DeajgnariQnt 



Avg. 
Gain 



Transvecie 
Rupture 



ISO US CoronoBilipM fWt. Wl Density Size Hardnosa Strength 
Symbol Code Equiv. • WC TIC Ta(Nb) Co &cm* /an. HRA <paO 



T-ll P30 



72 11.5 flj 8.5 12.4 



250,000 
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TABLE 3 



Eazumplo 3 Ei ample 4 



COMPOSITION 






diallyl phihatate (pbw) 


SI 


51 


PPB-MA (pbw) 


34 


34 


TMPTMA (pbw) 


U 


15 


dicumyt pcroaide 


Z 


2 


diamond 


150 


15p 


Dicksl'OOa.led duowad 


194 


194 


titmtom b«2dc 


67 


67 


copper 


44 


4£ 


CUHINO TEMPERATURE C R) 


350-375 


700-750 


PROPERTIES 






G ratio, 1 in 3 


393 


533 


Poww (JtW) 


1.9 


2.1 


Ra (mloost£ur-iacti) 


21 


13 



15 



The results in Table 1 show that cut-off wheels prepared 20 
from the curable resin composition exhibit low wear rate, 
high free-cutting capability, and excellent surface finish. 

While the invention has been described with reference to 
a preferred embodiment, it will be understood by those 
skilled in the art that various changes may be made and 2$ 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from essential scope thereof. Therefore, il is intended that 30 
the invention not be limited to the particular embodiment 
disclosed as the best mode contemplated for carrying out 
this invention, but that the invention will include all embodi- 
ments falling within the scope of (he appended claims. 

All cited patents and other references are incorporated 35 
herein by reference in their entirety. 

Wc claim: 

1. An article comprising the reaction product of a curable 
composition comprising: 

a poly(arylene ether); 
an acryloyt monomer; 
ah allylxc monomer; and 

an abrasive filler selected from the group consisting of 
silicon carbides, silicon nitrides,, sialons, cubic baroo 
nitirides, aluraincsilicates, titanium carbides, chro- 
mium carbides, tungsten carbides, zirconium oxides, 
silicon doped boron-aluminum -magnesium, natural 
and synthetic diamonds, garnets, composite ceramics 
comprising at least one of the foregoing abrasive fillers, 
composite ceramic metals comprising a metal and at 
least one of the foregoing abrasive fillers, and combi- 
nations comprising at least one of the foregoing abra- 
sive fillers. 

2. The article of claim 1, wherein the poly(arylene ether) 
comprises a plurality of structural units of the formula 




60 



wherein fox each structural unit, each Q 1 is independently 65 
selected from the group consisting of halogen, primary or 
secondary Cj-C^ aftyl, phenyl, Cj-C^ haloalkyl, C 4 -C 12 



1,107 B2 

18 

arninoalkyl, Cj-C^ hydrocarbonoxy, and C A -C U halohy- 
drocarbonoxy wherein at least two carbon atoms separate 
the halogen and oxygen atoms; and each Q 2 is mdependenuy 
selected from the group consisting of hydrogen, halogen, 
primary or secondary C a -C 13 alkyi, phenyl, Cj-C^ 
haloalkyl, Cj-C^ arninoalkyl, Cj-C^ hydro carboooxy, and 
Cj-Cjji halobydrocarbonoxy wherein at least two carbon 
atoms separate the halogen and oxygen atoms. 

3. The article of claim 1, wherein the poly(aryfcnc ether) 
has a free hydroxy I group content less than about 500 
micrograms per gram. 

4. The article of claim 1, wherein the poly(arylene ether) 
comprises a capped poly(arylene ether) having the structure 

OXMQy 

wherein Q is the residuum of a monohydric, dihydric, or 
pofyhydric phenol; y is 1 to 100; J comprises recurring units 
having the structure 




wherein I^-R 4 are each independently selected from the 
group consisting of hydrogen, halogen, primary or second- 
ary C,-C 12 alkyi, Q-C^ alkenyl, <VC ia alkynyl, C 2 ~C 12 
arninoalkyl, C^-C^ hydroxyalkyl, phenyl, Ci-C 12 
haloalkyl, C,-C 12 arninoalkyl, C 1 -C i:i bydiocarbonoxy, and 
Qr"Qia halohydrocarboaoxy wherein at least two carbon 
atoms separate the halogen and oxygen atoms; m is 1 to 
about 200; and K is a capping group selected from the group 
consisting of 




wherein R 5 is C|-C J3 alley 1; R tf -R* are each independently 
selected from the group consisting of hydrogen, Cj-C^ 
alkyi, Cj-C 12 alkenyl, C^-C^ aryl, Cr-C ja mixed (alkyi- 
aryi), Cj-Cjj alkoxycarbonyl, Ct-C jb axyloxycarbonyl, 
C 8 -C 1# mixed (alkyl-aryl)oxycarbonyl, mtrile, formyl, 
carboxylate, imidate, and thiocarboxylate; R^-R 13 are each 
independently selected from the group consisting of 
hydrogen, halogen, Cj-Ciz alkyi, hydroxy, and amino; and 
wherein Y is a divalent group selected from the group 
consisting of 



PACE 33/36 • RCVD AT 10/22/2004 2:25:33 PM [Eastern Daylight Time] * SVTfcUSPTO-EFXRF-lfB * DNIS:8729308 * CSID:86028601 1 5 * DURATION (mm-ss): 15-20 



Oct 22 2004 2:36PM CANTOR COLBURN LLP 



86028601 15 



p. 34 



US 6,770,107 B2 
19 20 



-CD-. m. 



ID. The article of claim 1, wherein the acry by I monomer 
comprises at least one acryloyl moiety having the structure 





io 

wherein R^-R 30 arc each independently selected from the 
herein R* and are each independently selected from of hydrogen^ alky^^ alkenyl 

the group consisting of hydrogen and C t -C (i alkyl. C ti~ Cl * J ryl ; £ 7 ~£ 18 m V ccd < alk y l - ar yl). C 2 -C 12 

Particle cf dim 4, wherlm the « $y arylene °C C ^ ^^^o^ mixed C 8 -C 18 

ether) comprises a capping group having the struct^ * ar ^ S^^^ lMt ' £ ° Tmyl carbox y Iatc > 

U. The article of claim 10, wherein the acryloyl monomer 
comprises at least two acryloyl moieties. 

12. Tbo article of claim 1, wherein the acryloyl mcnocncr 
is selected from the group consisting of tfunethylolpropane 
trirnethacrylate, trimethyloipropano tri aery late, 1,6- 
hexanediol dimethacrylate, 1,5-hexanediol diacrylate, eth- 
ylene glycol dimethacrylate, ethylene glycol diacryUte, pro- 
. pylene glycol dimethacrylate, propylene glycol diacrylate, 

wherem R — R are each independently selected from the cyclone* anedimetbanol dimethacrylate, cycloaex- 
group consisting of hydrogen, C^C^ alkyl, C a -C 12 25 anedimetbanol diacrylate, butanediol dimethacrylate, 
alkenyU C^-C^, aryl, Cy-C^ mixed (alkyl-iryl), C^C 1Z butanediol diacrylate, diethylene glycol dimethacrylate, 
altoxycartonyl, C*-C 18 arytaxycarbonyU t Ca-C^ mixed diethylene glycol diacrylate, triethylene glycol 
(aliyl.aryl>xycaTbonyl nitnle, formyl, carboxylate, dimethacrylate, triethylene glycol diacrylate, isobornyl 

^^•^T^a*^ • .u- a w i ™ methacrylate, isobornyl aerate, methyl methacrylate, 

6. The article of claim 4, wherein the capped poly(arytene 30 ' ' , - 3 < ' . . , . , J r.^ 

ether) is prepared by capping a polytaiyle^tnerrconsist- T^^^Jf C ° mpriSmg alleast 006 of to 

mgei^iaUyofthapolyme^^ fo ?f°i?S ™ t ? on f ra - . fc 

monohydric phenol having the structure . ^ ^ ft " lcle ? f daim wherein the acryloyl monomer 

is selected tram the group consisting of trimethylolpropane 
, 2 5 trimethacrylate, trimethylolpropane triacrylate, and mix- 

tures comprising at least one of the foregoing acryloyl 
monomers. 

1 4. The article of claim 1, wherein the acryloyl monomer 
is substantially free of polymerizable moieties other than 

^ acryloyl moieties. 

15. The article of claim 1, comprising about 5 to about 50 
parts by weight of the acryloyl monomer per 100 parts by 

wherein R 2 -R 4 are each independently selected from the vw i i ? h L!' csir !\ , c , . , 

group coexisting of hydrogen, halogen, primary or second* 16 J" c a ^ t, f le of ckim l > comprising about 5 to about 40 
ary C^-C,, alkyl, C^C J3 atteayU C 2 -C, 2 alkynyl, C^-C.- 45 P**} 6 ^ weight of the acryloyl monomer per 100 pans by 
amijioaJkyl, (V-C a2 hydroxvalkyl, phenyl, Cj-C^ weight resin. 

halo alkyl, Cj-C^ aminoaDcyl, Cj-C ja hydrccarbonoxy, and 17 J^c article of claim 1, wherein the attylic monomer 
C^-Cjj baJohydrocarbonoxy wherein at least two carbon comprises an allylic moiety having the structure 
atoms separate the halogen and oxygen atoms. 

7. The article of claim 1, wherein the poly(arylene ether) ^ 
has an intrinsic viscosity of about 0.1 to about 0.5 deciliters/ 
gram in chloroform at 25° C. 

8. The article of claim 1, comprising about 10 to about 50 
parts by weight of the poly(ary1cne ether) per 100 parts by 
weight resin. 

9. The article of claim 1, wherein the acryloyl monomer 55 wherein R is selected from the group consisting of hydro- 
comprises at least one acryloyl moiety having the structure and Ci-C 6 alkyl. 

16. The article of claim 17, wherein the allylic monomer 
/q \ comprises at least two allylic moieties. 

/ || A 19. The article of claim 1, wherein the allylic monomer is 

\ c — C=C — J- 60 selected from the group consisting of allyl alcohol, methallyl 

V R ia r i? / alcohol. 2-ethyl-2-propcn-l-ol, allyl formate, aUyl acetate, 

x 7 allyl butyrate, allyl benaoate, methallyl acetate, allyl fatty 

esters, allyl methyl ether, allyl ethyl ether, allyl tcrt-butyl 
wherein R 16 and R JT are each independently selected from ether, allyl methylbenzyl ether, aikoxylated allylic alcohols, 
the group consisting of hydrogen and Ci-Cu alkyl, and « diallyl adipate, diallyl citraccnatc, dially] diglycolate, diaUyl 
wherein R 16 and R" may be disposed either cis or trans ether, dially] flimaratc, dial lylisophtbal ate, diallyl it acooate, 
about the carbon-carbon double bond. diallyl maleate, diallyl pbtbalale, diallyl terephlhilate, trial' 



( r ) 
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lyl aconilate, triallyl cyanurate, triaDyl ssocyanurate, triallyl 
phosphate, triallyl trimellilate, tetraallyl o-silidc acid, and 
mixtures comprising at least one of the foregoing ally lie 
monomers. 

20. The article of claim 1, wherein the ally tic monomer is 
selected from the group consisting of diallyl achpate, dial lyl 
citraconate, dial lyl diglycolate P diallyl ether, diallyl 
fumarate, diallyl i&ophthalate, diallyl itaconate, diallyl 
maleate, diallyl phthalate, diallyl terephthalate, triallyl 
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(benzoylperoxyjhexane, di(trimetbylsilyl)peroxide, trimetb- 
ylsilylphenyltriphenylsilyl peroxide, 2,3-dimetbyl-2,3- 
diphenylbutaoc, l^-trimethylsiryloxy^^-diphenylbutane, 
and mixtures comprising at least one of the foregoing curing 
catalysts. 

36. The article of claim 34, comprising about 0.1 to about 
10 parts by weight of the curing catalyst per 100 parts by 
weight resin. 

37. The article of claim 1, wherein the mixture further 



aconitate, triallyl cyanurate, triallyl isocyanurate, triallyl 10 comprises an additive selected from the group consisting of 



phosphate, triallyl trimellilate, tetra&Qyl o-silicic acid, aod 
mixtures comprising at least one of the foregoing allylic 
monomers. 

21. The article of claim 1, wherein the allylic monomer 
comprises diallyl phthalate. 

22. The article of claim 1, wherein the allylic monomer is 
substantially free of polymerizable moieties other than 
allylic moieties. 

23. Hie article of claim 1, comprising about 20 to about 



flame rctardants, flame retard ant synergists, mold release 
agents and other lubricants, antioxidants, thermal stabilizers, 
ultraviolet stabilizers, pigments, dyes, colorants, anti -static 
agents, fibrous reinforce meats, disc-shaped fillers, low- 
aspect ratio fillers, synthetic resins, natural resins, thermo- 
plastic elastomers, and mixtures comprising at least one of 
the foregoing additives. 

38. The article of claim 1, wherein the mixture is sub- 
stantially free of alkenyl aromatic monomers in which an 



80 parts by weight of the allylic monomer per 100 parte by zo *Uc&ayl substituent is directly bonded to an aromatic ring. 
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weight resin. 

24. The article of claim 1, wherein the abrasive filler has 
a Knoop hardness of at least about 2,000. 

25. The article of claim 1, wherein the abrasive filler has 
a mesh size of about 600 to about 5. 

26. The article of claim 1, wherein (he abrasive filler 
comprises a metal coating. 

27. The article of claim 26, wherein the metal coating 
comprises a metal selected from the group consisting of NI, 
Cu, Cr, Fe, Co, Sn, W, Ti, alloys comprising at least one of 30 
the foregoing metals, and mixtures comprising at least one 
of the foregoing metals. 

28. The article of claim 1, wherein the abrasive filler is 
selected from the 8 group consisting of silicon carbides; 
cubic boron nitrides; natural and synthetic diamonds; com- 35 
posit e ceramic metals comprising a metal and at least one of 
the foregoing fillers; and combinations comprising at least 
one of the foregoing abrasive fillers. 

29. The article of claim 1, comprising op to about 2,000 
parts by weight of the abrasive filler per 100 pans by weight 40 
resin. 

30. The article of claim 1, comprising at least about 5 parts 
by weight of the abrasive filler per 100 parts by weight resin. 

31. The article of claim 1, comprising at least about 300 
parts by weight of the abrasive filler per 100 parts by weight 45 
resin. 

32. The article of claim 1, comprising at least about 400 
parts by weight of the abrasive filler per 100 parts by weight 
resin. 

33. The article of claim 1, further comprising a secondary 
filler Bclected from the group consisting of ceramic bolides, 
Cu, Fe, Sn, bronze, C, silica, alumina, Si, and mixtures 
comprising at least one of the foregoing secondary fillers. 

34. The article of claim 1, wherein the cnrable composi- 
tion further comprises a curing catalyst 

35. The article of claim 34, wherein the curing catalyst is 
selected from the group consisting of benzoyl peroxide, 
dicumyl peroxide, methyl ethyl ketone peroxide, lauryl 
peroxide, cyclohexanone peroxide, I -butyl hydroperoxide, 
t-butyl benzene hydroperoxide, t-butyl peroctoate, 2,5- 
dimcthylhcxarje-2^-dihydropcroxide, 2^-dimcthyl-23-dt 
(t-butyrperoxy)-hex-3-yne, di-l -butylperoxide, t-butylcumyl 
peroxide, alpha, alpha-bis(t-butyipcroxy-rn-isopropyl) 
benzene, 2 l S-dimethyl-2,5-dif>butylpcroxy)bexane, 
dicumylperoxide, di(t-buty]peroxy isophthalate, 65 
t-butylperoxybenzoate, 2^2- bis (t-butylperoxy)butane ) 2,2- 
bis(t-bntylpcroxy)octane, 2,5-dimethyl-2,5-di 
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55 
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39. The article of daim 1 in the form of a grinding wheel. 

40. The article of claim 1 in the form of a cut-off wheel. 

41. The cut-off wheel of claim 40, having a G ratio of at 
least about 300 measured on cemented tungsten carbide. 

42. An article comprising the reaction product of a curable 
composition comprising: 

about 10 to about 50 parts by weight of a poly(arylene 
ether); 

about 5 to about 60 parts by weight of an acryloyl 
monomer; 

about 20 to about 80 parts by weight of an allylic 

monomer; and 
about 5 to about 2,000 weight percent of an abrasive filler; 
wherein all parts by weight arc based on 100 parts by 
weight resin. 

43. An article comprising the reaction product of a curable 
composition comprising: 

about 15 to about 45 parts by weight of a capped poly 

(arylene ether); 
about 10 to about 40 parts by weight of a polyfunction*! 

acryloyl monomer; 
about 30 to about 70 parts by weight of a polyfu actional 

allylic monomer; and 
about 100 to about 1,000 parts by weight of an abrasive 

filler comprising 
silicon carbide, cubic boron nitride, or synthetic diamond; 
wherein all parts by weight arc based on 100 parts by 
weight resin. 

44. A method of forming an abrasive-filled article, com- 
prising: 

molding a curable composition comprising a poly(arylene 
ether), an acryloyl monomer, an allylic monomer, and 
an abrasive filler selected from the group consisting of 
silicon carbides, silicon nitrides, sialons, cubic boron 
xritirides, aluminosilicates, titanium carbides, chro- 
mium carbides, tungsten carbides, zirconium oxides, 
silicon doped boron<-ahiminum-magnesium, natural 
and synthetic diamonds, garnets, composite ceramics 
comprising at least one of the foregoing abrasive fillers, 
composite ceramic metals comprising a metal and at 
least one of the foregoing abrasive fillers, and combi- 
nations comprising at least one of the foregoing abra- 
sive fillers to form a molded article; and 
curing the molded article. 

43. The method of claim 44, wherein the molding com- 
prises using a molding method selected from tho group 
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consisting of injection molding, co-injection molding; reac- 
tion injection molding, overmalding, resin transfer molding, 
vacuum assisted resin transfer molding, Seeznan's compos- 
ite resin infusion manufacturing process (SCRIMP), chemi- 
cally assisted resin transfer molding, atmospheric pressure 
molding, open mold casting, wet lay-up, dry lay-up, spray 
lay-up, sheet molding, bulk molding, filament winding, 
pultrusion, lamination, and combinations comprising at least 
one of the foregoing molding methods. 
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46. The method of claim 44, wherein the curing comprises 
curing with thermal energy, ultraviolet light irradiation, or 
electron beam irradiation. 

47. An article formed by the method of claim 44. 

48. A grinding wheel formed by the method of claim 44. 

49. A cut -off wheel formed by the method of claim 45. 
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